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BONE MARROW AND STEM 
CELL TRANSPLANTATION 



£iom marrow ifanspiamanon is ine grAcr^c icnn u:»cd lo aescnise the 
coUccnon and mtaspJaniaaon of nenjwopownc sicm ccUs. The pro- 
jpcdiuc IS osuttily earned one for one of two pmpoacs. (I) xo repUce 
;<m8toonnal bui nonmaiignapr lyrapnouezwHtopoicnc ^ysiem Mih Ofte 
/toi 2 nomuU donor, or (2) co cr^ar niaiignuncy by allowing uie 3d- 
''^un2s;^aIlGn pf iii^cr dad^ af myciosuppfessive Uicrapy fliAn v^qu44 
tfimdstf tte po:s^bic. The use oi tsone mazrow nanspiamaacn htib 
^jgax sieadUy increasing, botti because of the iis demonscraccd ^ec- 
. ovcBcss la seiec(e4 at tf ato and because of increasmg ava«labiliiy of 
ioRfict Tlr iMenuOiPSUii Dooc Maziow Traosplani Rcgisay csii;QaTf:« 
Witbouc 50,000 craiuplanis were pertbnncd during 1999. 

THE HEMATOPOIETIC STEM CELL 

.Swenl fciuvres of me to04lopoicnc >jcm ceil maJce bouc Tnanow 
.fnit^iaADtnan clinically teasjWe, oicluchng iw i^marKaele regcnc^Tt- 
,.ft« ci5)aciiy, ability to ixome to liic marrow space fojlowmg mmi- 
.Mow ii\jecuon, wd itie aoUiry of the stem cirU to be cjyoprescrvcd. 
Imapiamaxion of single stem ceU can replace mc enure lympbo- 
Jnnawpoienc sysrcin of m aami niou^jc. In huinans, cranspianianon 
(tfaiew percent of a oonor's bone himtow volume re^uiariy rt^ults 
?|«ftnpiefe and sustained replacement of tbe recipient' ^ entire lym- 
pWtanaujpoiettc sy«cm. inciuoms all red celL. granulocytes, B and 
.'Jlympnocyics. and platelets, as *sII as c^U^ compii:^ins fixed 
fliaophage populjjuon. incjuding Kopfler cells of the liver, pulmo- 
JWX aivcoiar maoropliagci. osteoclasts. Laiigeriiam ccOs of the slan. 
?W hnun QjjcrogUal ccUs. The ability of tne neimttopoicuc smsx cell 
^orac to mc matrow foUo^ving intravenous injecuop is mediiiictl. at 
m pan. by ibe tmerricnan of >*peci£c cetl molecules, leaned je- 
•^'W. on Dopt jnatTOi^ eiidotiicUal cells wim iftcir unique bgamlK, 

iifffgnnr, on early hemaiopoicac cells Human Jicmmopoinic 
^Kljfi can survive frccamg and thav^ing wuh Unlc, tftoiy, damaee, 

it pofibibie to remove and store a pomou of ini: panentS own 
•to* '^'^^ later rtriofutfian following treannem i>r tin; panent 
i^liisb-do«c myelotoxic therapy. 

'teSP'^I^S OF BONE MARROW 

I^ansplantation 

tnnspianianon can be de^nbec according to iiic rela- 
jwiuiaip Detween tne patiotl and the donor and by me atiatonuL* ^source 



01 stem Ceils In approxixnaiely l% of cases, paiicnii* jjavc idcnDcai 
twins v/oo can serv^ donors Syngeneic donors reprtscnt ine bcii 
source or st^xn cells; uai4ce allogeneic donors. CAerc is so nsic of 
araft-versub-nosi disease (CVHDj and. unluw u^tc of aaioiogo«s mar- 
ro*. mere no risK mat <icm cells are cowtammatcd witn tumor 

Cell). 

Allojferttetc iransptantaiion involves a dunor and recipient who are 
not immunoiogicaliy identical. Fouowmg allogenei;: iranspianuuon 
<tnmune ceiis craospiantcd *iin the manow or devcioprng trom 4t can 
react Against ibe patjenL caiwuig Gv/HD. Altetnativciy. ,f the immu- 
nosupprt-irkivc preparauve rttjujien u:>cd to neac the paucnf before 
iranspknt m inadequate . immuiiocompctcnt ceils of ine parent can 
cause grm rcjccwon. Tlic nsics of lUcjic compUcarions aje greatly 
iitiiuenced by tne degree of marrmng octwc^n donor ana recipient 
for anDgens encuoed by genes of tbe maior hii^iocoinpaQbmty 
conmiex 

The ftuman leuitocyic antigen (HLa) ixioiccuios are respoiuablc 
for btnduig anngcnic proteins and presenting mem to T ceJls. The 
unngens presented by HLa molecules may derive trom cAOgcnous 
purees (e.g.. Outing activ? infectons) or may be endogenous proteins 
produced oy me ccU. If mdividuals are not tnatehcd for HLa. T cells 
from one m^ividwil vuill t^act strongly m the txn^matched HLa. or 
"nMUor anngcns," of d^ swcond Even if toe indivitiuais are HLA- 
matcbed. me T cells of die donor may re^ci to diffenng endogenous, 
or "imnor aDiigexia.'* preseased b/ the Ht^ of mc rceip»cnt Rcacmdoa 
to nunor anagens tend to be ie$j> vigorous. The genes of m4jor rcic<* 
vance to traniplantaaofl mciude HLa-a. •'B, -C. and >P: mey arc 
closely iinked and merefore i£Qd ui be mhcnted as napiocype^. with 
only JHOQ crossovers between them Thu>. the odds mat any one full 
sihlmg mmcb a patient are-one » four, and tne probabsUiy mat 
The paDeqc hab an HlA-ioenbCal sxblmg is 1 - (0 1%Y wnere n e^cals 
the number of siblmss- 

With cwnrcni technujuos. me risic of graft tejecnon is 1 to 3*. and 
me ftsit of :Ky^T^. lifc-threaiemng acme G VHD approximaieiy \$% 
foUowmg crMisplantation between HLA-idcnocai sibimgs Tlic inci- 
dence of graft rejection and GVHD mcreases progressively wjm ih^ 
use of family memner aonors tniistuachsd for one, two, or three ;ui- 
ngtns. While siirvivai foUowmg a oiv^-anagsn mismatched transplant 
iS not marltcdly altered, survival following two- or miee-anugen ssus' 
matcued cr4iu>pi^i::> i:> sigmticantiy impair^, and )uch transplants 
should oiUy be pcrfarmcd as pan of chiucal trials 

The fomianon of the National Manrow Donor Program has allowed 
for the idcntificaQon of HLA-matcbed unrelated doner* for many pa- 
tients. The tfcucs encoding HLA anuge»« are highly poiymotpnic, and 
thus the oddd of any tvro unrelated mdividuab being HLA-ideniic^J 
arc cxtnsmely low. somewhat le^s than 1 in lO.OOO However, by lOen- 
ofymg and typing >3 nuQion volunteer donors, HLA-matched donors 
now can found for approximaieiy 30% of panenis for whom a :ycarch 
uuttaied. It takes, on average, 3 lo 4 months to compiere a seaxn 
and schedule and initiaie an unrelated donor nansplaiu. Results so far 
suggest that GVHD iS somewbai increased «aKf >urvivMi somewaat 
poorer with soch donors tnan witlx HlA-aKuched :upiings. 

Amolo^ous xransplantoikOn involves the removal and storage of 
the paoenc s own siem ceus wtih subsequent zemmsion after me pa- 
aent receives high-do^e myeloantative mciapy UnUk« allo^ne«c 
mmsplanmtion. mere is no nslc of GVHD or giafr rejecnon wtm au- 
tulo^oua transplantauon. On tne other hand, autologous tnoisplaniation 
UlJls ti !^afl-vci>«us*tuinor effect, and the autologous stem cell product 
can be coniaiiunaicd with tumor cells thai could lehd to relapse. A 
vonciy of techniques nave been developed to purge" autologous prod- 
ucts of tumor cells. Some use anubod^es direcied ax tumor-associated 
anugens plus complement, anobodics linked to toxins, or antibodies 
conjugated to tuunuRomasncnc beod^i. in vitro mcuoation wnn ceniun 
chcmotherapeuuc agents sucn as 4-hydjopcroxycyiophospnamid< and 
ioog^ierm culture of oone marrow nas also been snown to aummsb 
mmor cell numbers in stem call products Another technique is posinve 
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Responses lo aHosmtgeas sno Hansplam r^Uon 



R3. 1^7 ProoxisdnQ antibody 
against oonor grafi anil9en9 can 
cause ^ypcMVCinfi 9ratt rei^cdpn. in 
soma cases, recipiems aireaoy i^avd 
entibooiee 10 oenor antisend. are 
ofta/1 9rOtip anpQsns. wrufO me 
donor organ is grafted into aucn 
reciptanis. mese annDOOias oino 10 



v95cutai endoineiiwm in tf^a gran, 
imuaung me comptemem and doiang 
cascades. Biood vessois m tne gran 
oeoomd oMAiCiea Dy OOlS ano leaK. 
causing nemormaga of Mood inio tne 
graft. This Docomea aAg<M9M and tuma 
ptupio irom TO prasance ot 
oaojcygenaud blood. 



is exacerbated In jcenografts because compkmem-regulatory proteins such 
a$ CD5d, DAF (CD55). and MCP (CD^) (see Secuon 2-14) worlctess efflctendy 
across a species barrier: ihc complomeni-regulacory proiains of tbe xeno- 
geneic eodoiheUal cells caimoi procect them trom attack by human comi^e^ 
nw^at. A receni siep toward acenoiransplanittiioa has beui ihe developmpm of 
transgenic pigs expressing human mF. Preliminary exptfrimenu have shown 
prolonged suivival of organs xrai^amed from ihese pigs inro recip:eni 
cynomolgus monKays. under cosrer of heavy immunosuppression- However. 
hyperWuce rejection is only the firsi barrier ^ed by a xenoaanspj^nttfd 
org;»n* Thtz T lymphocyre- mediated gpifi rejectinn mi^hnnisins might be 
esoremeiy difficult to ovre<come %^ pieseni uniniuKisuppressive regimes. 

iMt The oonvma of graft rejection is giaft-versus^tovi (Ssaase. 

Allogeneic bone marrow transplanqtrion is a saccessftU therapy sumtf 
cumoca derived from bone marrow precursors, such 3$ cercain leukenuas and 
lymphomas, li may j*Lo bo successful in me rreamieai of some primary 
immunodehciency diseastw (se< Chapter 11) nnd inh«riied bone marrow 
diseases, such as the severe forms* of duda^semia In leukemia therapy, xhe 
rtfCipieni's bone marrow, the source of the leukemia, must firit bts deatroyed 
by aggressive cytoioxic chenioiher:{^>y. One of die major complications of 
allogeneic bone marrow iranKpianxanoo is graft-versus-host disease (GVHD), 
in which mature donor T ceUs ibat contarmnare the allogeneic bone manow 
recognize the us^es ot the nrcipteiit as foidgn, cau:ung a severe i nflammn mry 
disease chaiactefized by rashes, diarrhea, and pneunumius. Craft-versus- 
host disease occurs not only when there is a mismatch of a major MHC clastf 
1 or class n antigen but also in the conie« of dispariiies between minor 
H antigens. Grafr-versus-hosr disease is a common compHcatioii in ieci|ueius 
pf bone manuw irar^lam^ bom HLA-ldendcal ^blmgs. who typically differ 
&om each other in oiuny polymurphic proieins encoded by genes uobnked to 
iheMHC 

The presence of ailorcat tive T cells can easily be aemonsira:ted expetimenxally 
by the mixed lymphocyti: reaction (MLR), in Which tympho<yte3 from a 
potential donor artr mixed wiih irradiated lymphocytes from the potential 
recipient. If the donor lymphocyits contain alloreacuve T cells, these will 
respond by cell division (Fig. 13.23), The MlHis sometmies used m the selection 
of donors for bone marrow Transplants, when the lowest possible alloreacilve 
r^ssponse is essennal. However, the Umitanon of the MLR in selecCion of bone 
mauow donors is iliai the test does not accurately quanutate aJJoreactive 
T cells. A more accurate test is a version of the limulng-diluoon assay 
(sets Appendix L Section A-25). which precisely counts the frequency of 
aUoieacQve 1 cells. 

Although ^^-vcTSuS'hosr di^rasc is usuaBy harmful to the recipieAi of a 
bone marrow rransplani. there can be some beneficial effects. Some of the 
tbcrapeunc effea of banc marrow transplaniati<m for leuKemla can he due to 
a gzafr'^^cz^'us -icuiurfiua eifect. in which tiie allogeneic bone marrow recogtuzes 
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CftoplBr IS: Automvnunity and TranapianiailOA 



F»fl, TTw miJioa lympnocyio 
ruction (MLB) c»n do used to doteci 
hlstoincampatlbltlry. Lymphocyiss 
from the tMO inotvtauajs v^no are id oe 
189(00 tor cx>ai{>aiibiiiiy are isoiaied tronn 
penpnerai Dtood. The ooils J/om one 
parfiOfi (yenow). wnicn win aiso coraam 
antigsn-pfesenttng cetis. am eoner 
{rraoisied or ueasad wim mtiomyOin C. 
tney will BCi as s&muiaior ceils bui 
cannot now fespono by ONA synihosis 
and cell Oivision co antigemc sK^uiation 
Oy T}ie omer person's cells. The caits 
from me tvvo »ndivioudJd ore men nuxad 
(»p panel) tt me unirradiaiea 
lymphocytes (me responoers. due) 
oflmam aiioreactkve T cells, mese win oe 
stimutaied to proStamia and otffeienuaie 
TO ettecior COBS. Beiitfeen 3ana 7 days 
aner nuxmg, Ute cutiuie <s a$ses9aa ^ 
Ts;etf proi^ieranon (txmom leh panel), 
wnicn IS mainly ihe resuR or CD4 T cetts 
rdoognizlng qmerences in mhC ctas$ ii 

moieouJeG, and tortyve ganoraxion ol 

acttvaroo cytotoxic T cetis (bonom nghi 
panel}, wnicn respona to difrerenoes in 
MmC daw t molecules. 




Oft dittwvnccts In line a«» il oilebs 



lirgeiy on ounces m UnZ ci9S9 1 MWn 



minor H anngens or luroor-spedfic anpgens eaqire^ised by ihe leukemic ceils, 
ieaitog tht- donOr lo KUJ me leai^mic ceils. Ont; such mmor H aniigen. 
HH-X. a B-ceU Uneage marKer ihai ifi eaqpressed by acuie lymptiobUsdc 
idukemia celb. whicli aiv B^Uneag^ cell!i> and by B lymphocyi^ iraasformed 
wini Epsiein-Barr vims (EBV). One of Ae roaTmeui options for suppressing 
itiK devtflopment of graA-ver^uS-tiosi disease is Uie elinUnaiion of luacure 
T cells torn the donor bone nvurow in yino before rranspiancacion, xt^tvty 
r«riiiovu;6 alioreacilve T cells. Those T celte char sub»equi:ncly roaiure from ine 
donor marrow in vivo in the redpieni are loletanT ro rbe reQpienfs aniigtoi:!. 
Aidiougn me eliimnanon of graft-versus-bpst disease has Denellis tor Uie 
parieni. there b an mcreustr in (be risk of leukemic relapse, which provides 
$Trt>ng evidence in suf^n of jhe graft-versus-leuJctrmiii effecr. 

13-22 CDronK organ rejection is eaused by WRmnmor^ vascular Injury to 
the graft 

The success of modem immunosuppressloii means ibar appraaomarely 83% 
of cadaveric Rodney grafts are still functioning a y^<u afcrr inmsplaniaoon. 
However. Uiere b4^ been' no impiowmem in rates of long-iemi grafc survival: 
the half-life for funciioQai survivaJ of renal allografts remains aboui 8 years 
The major cause of late organ lailtAre is chronic rejection, cliaraaenzed by 
concentric aneriosderosis of gralt blood vessels, accompanied by glonierular 
{ind tubular fibrosis and atrophy* 

Mecban)sn» that concribute to chronic rejection can be divided inio those 
due ro ailoreacnvicy and those due co other pathways, and into early and late 
events after transplaotanon. AUoreacuvity may occur days and wedcs after 
transplantaiian and cause acuur grafr rejection. AUoreacusv responses may 
uiso occur monihs to yeari after transplanmiion, and be ^tsbuciaicd will) cim* 
icaily na^ a-to-deiact gradual loss of graft tuncuon. Other unpotianc causes of 
chronic ^ati rejection include ischeinia-reperfiisjon injury, which occurs ai 
the time of grafUng but may have Imv adverse rffects on tht gr^ed organ, 
und later^devcloping adverse factors such as chronic cyclosporin toincity 
cytumcguluvuu6 tfifcciioit 
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Responses lo altoanngens and uansgiant lejaction 



Infilliaciou of ilto grail vessels and dssuffs by oiactuphagufs. tollowed by scamng. 
are pxDmliienT bteiological feaiiires of bse graft i^jecdoji. a model of injury 
has baen developed m whicb alloreacTtve T oelu infilaatmg ibe gr^iit secrete 
cyiokines cliai sumidace ihe expres^aon of endodieliai adhesion molecules 
and also seaeie chemokiaes such as RANTHS tsee Fig- 2.^), which aniacfs 
mooocyies ihhi mature ioto macrophages m ihe grati. A second phast: of 
chronic inflamtnauon men supervenes, dommaied by macrophage produas 
including mierleulan (lU-l, TMF-a and ihe chemcikmc MCP. which leads to 
ixinhcr macrophage recruitment. Th»rie jneUiaior:* coojipirc lo cause chrome 
inflammation and scarrmg, which eventaaUy leads to irreversible organ £»ilure. 
Ammal models of chrome rejecdou also show diai alloreacnve f gC anuboditfs 
may induct; accelerated arherosdezObis u transplanted soiki organs. 

13-23 A variety of oroans wt transplanted routinety m dinloal modidne. 

Although the immime response mali^^s organ tran^lantatiun diC5cult. there 
axe few alremative therapies for organ 6ulur6. Three major advances h^ve 
made it possible to use org^in ir<aiisplant;mon rourinely in ilie dinlc First, 
the lechaical skill to carry out organ replacenxent surgery has been mastered 
by many pcopk. Secoixl networks of mn«pJar>tatioA cenier^ have heeo 
organi:£ed to ensure ihat the few healthy orgaias that are available are HLA- 
typed and so matched w^m the most suitable recipient, ibud. the use of 
powerful immunosupprcisive drags, especially cyclosporin A and FK-506r 
known as lacrohmus, to inhibit T-cell activation Csee Chapter U), has 
increased graft survival rate» dramtiticaUy The different organs mat are 
ir^planted in the cUziii: are Itsced in Fig. 13.29. Som^^ of rhese operations are 
performed routindy wnh a very high success xpte. 6y far the mo«t (^uenoy 
icansplanife;d solid organ is the kidney^ ihe organ first sucoessfidl^ icant^lanied 
between identicBl rwins in Uie 1950s. Trarisplantadon of the cornea is even 
more frequent: this ossue i2> a special case. a> ii is not vascularized, and 
cornea] grafts beiw^n unrelated people ore uso^y sucoessAii even wSihout 
im mn nosupprea>sion. 

There are. hpwev^. many problems other than graft rejection associated 
Willi organ transphmtauon. F^t, donor origiuis ^e ddficolt to obcain; this is 
especially a problem v^en the (Hgan invohf ed 1^ a vital one. such as the heart 
or liver. Second, the disease that destroyed the pailenfs organ mi^t also 
destroy the graft. Third, the immimosuppression required to prevent graft 
rejection increases the risk of cancer and infection. FinaUy. the procedure is 
very cosUy. All of these problems need to be addressed b^re dhzlcal trans- 
plantation can become commouplace. The problems most amenable to 
scit^tiilc solution are the development of more effective means of immuno- 
suppreajsion, the induction of gratt-spcrific tolerance, and the developmeni 
of xenografts a> a praaical solution to organ availability. 

13-24 The feius is an allogmft that la tolerated repeatedly. 

All of the transplants discussed so far are anefaccs of trwdum medical 
technology. However, one Tissue that is repeaiediy grafted and leptfaiedly 
tolerated is the mammalian fetus. The fetus carritrtj paternal MHC and mmor 
H armgens that dx&r ttom Chose ot the mother tFtg. 1 3.30). and yet it moih»:r am 
successfully bear many children aqpressmg the same nunself MHC proteim 
denved from the faihrr. The mysterious lack of rejection of d^ fetus has 
puzzled generations of r«ptodvui ive Immunologists and no comprehensivr 
explanation has yet emergt»o. One problem is thai acceptance of the fetal 
allograft is so much the norm tliat it a difficult to study tne mechanism that 
prevents rejeccion: if the mbch;ini$m fox rejecting the fetus jS rarely acnvated. 
how can one analyze the mechanii^s that control it? 
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Fig. 13^ The fetus is an allogmfi 
that la not ro)ecteo. Aimough ma teuis 
caiftfl$ MHC moiacules oenved Trom me 
taiher. ana otrrer (oraign antigens, it 1$ 
noi rejected. Evun when ine momar 
beais several chtioren to the same 
father, no sign of anmunotogicai 
rejemon »s«een. 
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BUS Section VI: HLA TYPING 

varieues of antibody foun4 in the patienf s serum 
duiing the pretransplant annbody screening. Thus 
the importance of pretransplant screening cannot be 
overemphasized. This procedure allows a detailed 
and accurate assessment of rtie antibody repertoire 
earned by the patient in a relatively leisurely manner 
rather than under the stresses associated with a ca- 
daveric donor organ harvest and the overzealous an- 
tiapation of a possible transplant. 

When using a cadavenc donor the lymphocytes of 
choice are prepared from excised lymph nodes or a 
section of spleen obtained in conjunction with organ 
harvesting. The nodes should be kept moist after 
dteir removal and during delivery to the laboratory. 
Some workers advocate the use of peripheral blood 
from the potential donor in order to save time. This 
is a debatable pomt. The peripheral blood celb of pa- 
tients who have been kept on life support systems 
may be imsuitable for use in the cytotoxicity test for a 
number of reasons, mdudmg the effects ot ^nteroor- 
tern steiuids admmistered to reduce cerebral edema. 
Consequently, uninterpretabje results may often be 
obtained, requiring the tests to be repeated. Thus, Ut- 
tle time is saved and the expense of duplicate work is 
incurred. 

It is best to perform the cross-match using pure T 
cells as targets (20), This is good practice, smce anti- 
HLA dass I annbodies are the most frecpiently en- 
countered and the most dirucaUy significant. In addi- 
oon, many types of patients such as those with lupus 
erythematosus, certain diabetics, and others often 
demonstrate nonspecific autoreactiviiy. This is most 
frequently directed agamst B cells and seems to have 
no dmicai significarwre. if mixtures of T and B cells 
are used in the cross-match with the sera of such pa- 
tients, they would give a positive result. Therefore a 
transplant would be denied because of a false-posi- 
tive reaction. 

In contrast to nonspecific B-cefl anubodies, those 
directed agaii\st class U HLA antigens are of definite 
cUnical relevance. Pretransplant antibody screens 
should be designed for their detecnon and identifica- 
tton. In addinon, cross-matches with the serum of 
patients containing such antibodies should be per- 
formed using Suspensions of B cells. 

Flow cytometry is currently being investigated as 
a sensitive adjunct for performing cross-matches 
(21), In addition to bemg extremely sensitive, this 
method has the advantage of being able to dissect 
the reacoon between the serum of the recipient and 
the cells of the donor with respm to the cell types 
mvolved (T or B)> the immunoglobulin dass (IgM or 
IgG), and the quanuty of antibody being bound. 
Such informanon allows for a more sophisticated 
judgment to be made as to the smtabiUty of a particu- 
lar donor for a given recipient. Furthermore, the 



technique has the advantage of being complement 
independent. Therefore it is capable of detecting 
noncomplement binding anribodies as well as avoid- 
ing some of the pitfalls associated with complement 
bindmg reactions. However, it is not entirely free of 
disadvantages. It is time consuming, requires expen- 
sive equipment, and demands highly skilled opera- 
tors and expertise in interpretation. 

TRANSPLANTATI0N--80NE MARROW 

In patients who have never been previously im- 
munized to HLA antigens, the single most important 
consideration in the grafting of bone marrow is the 
prevention of a reacuon of the engrafted ceBs against 
the redpiflnt. Immunologically competent donor 
cells reacting with recipient tissues can lead to a sen- 
ous disorder known as graft versus host disease 
(GVH). Most panents who require a bone marrow 
transplant have a nonfunctioning immune system 
because of thew underlying disease or therapy. H this 
IS not the case, deliberate inununologic mcompe- 
tence is induced by cytoreductive chemotherapy and/ 
or irradiation pnor to transplantation- Under these 
conditions, the reopiem cannot respond easily to 
foreign antigens in the donor arwl therefore the prob- 
lem of graft rejection is not as important as in other 
forms of transplantation. However, since the donor 
cells have full immunotogic potential, they can recog- 
nize the recipient antigens and react against them. 
Total idenuty for all antigens of the major histocom- 
patibility complex appears to be an important factor 
£i keeping the GVH reaction to a minimum. For this 
reason, the assessment of noiueactivity between do- 
nor and host as defined by the mixed leukocyte cul- 
nire CMLC) is a paramount consideration prior to 
transplantation. The early anempts at manow graft- 
mg were earned out using Hl^-identical siblings as 
donors, further clinical trials indicated that sibUng 
donors who differed from the reapiem by only one 
or two HLA antigens could be used successfully. Sib- 
ling donors who demonstrated class H identity and 
class I mismatch m pan of a haplotype due to recoin- 
binanon could be used as donors. Current data indi- 
cate that unrelated donors may be used with some 
degree of success if they ate well matched for HLA. 
The degree of permissible mianatch among unre- 
lated donor-redpient combinations is being mvesti- 
gated (22). 

Large numbers of HLA-typed potential donors ot 
l?one marrow are bemg developed in England, the 
Umted States, and elsewhere to satisfy the needs ot 
patients lacking appropriate siblings. The selection ot 
an unrelated donor is made through a comparison ot 
the total HLA type. The cells of the potential donor 
identifred from a aonor file by such a comparison are 
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